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The cauliflower mosaic virus (CaMV) open reading frame VI product (P6) is involved in several aspects of the infectious
cycle. P6 specifically controls the synthesis of other CaMV proteins by transactivating their expression from the polycistronic
35S RNA. By far-Western assays, we have demonstrated that P6 interacts with proteins from both healthy and CaMV-infected
leaves of Arabidopsis thaliana. These proteins are found in ribosome-enriched extracts, suggesting that they participate in
the translation process. One of these proteins, identified by microsequencing, corresponds to the 60S ribosomal subunit
protein L18 (RPL18). Its cDNA was cloned and expressed in Escherichia coli, and the resulting RPL18 protein was shown to
interact with the minimal region required for translational transactivation, designated the miniTAV domain of P6. © 2000
Academic PressCauliflower mosaic virus (CaMV), a plant pararetrovi-
rus (for a review, see 1), has a circular double-stranded
DNA genome (8.0 kbp) that contains seven major open
reading frames (ORF I to VII). Except for ORF VII, the ORF
products have been found in infected plants and result
from the translation of the 35S pregenomic RNA and
probably its spliced versions (2) and the 19S RNA. The
polycistronic 35S RNA and spliced RNAs have an unusu-
ally long leader sequence (.600 nucleotides) containing
several small ORFs, depending on the CaMV strain. The
19S RNA is a monocistronic messenger specific for the
expression of the ORF VI product (P6), a multifunctional
protein of 62 kDa that plays a crucial role in translation of
the other ORFs from the polycistronic viral RNAs (3). It is
also involved in the formation of cytoplasmic inclusion
bodies (viroplasms), in host range, symptomatology, and
probably viral morphogenesis. To ensure the synthesis of
the complete set of viral proteins, at least two distinct
mechanisms controlled by cis- and trans-acting ele-
ments are used to translate the ORFs of the 35S RNA and
probably of the spliced RNAs (4). Small ORFs and exten-
sive secondary structures in the leader sequence that
could inhibit translation can be bypassed by a shunt
process allowing ribosomes to express downstream
1 To whom correspondence and reprint requests should be ad-
ressed. Fax: 33. 3 88 61 44 42. E-mail: mario.keller@ibmp-ulp.u-stras-
g.fr.
1ORFs (5). This process is enhanced by, but does not
depend on, the presence of P6 and probably involves the
binding of host factors to the leader sequence (6). A
second unusual mechanism called transactivation,
which is under the control of CaMV P6, is used for the
reinitiation of translation of the ORFs located further
downstream on the polycistronic RNAs (3). It has been
proposed that P6 could exert its transactivation function
by making ribosomes competent to reinitiate translation
at a downstream ORF, so that the complete 35S RNA and
spliced RNAs can be translated by the so-called “relay-
race” process. The transactivation mechanism remains
unclear but probably requires specific interactions with
ribosomal proteins and/or translational factors of host
cells. To gain insight into the transactivation mechanism,
we tested the capacity of P6 to interact with cellular
proteins from leaves of Arabidopsis thaliana. By in vitro
protein–protein interaction assays (far-Western), we
demonstrate that P6 interacts with several proteins from
a ribosome-enriched fraction of A. thaliana. One of these
proteins has been identified as the 60S ribosomal sub-
unit protein L18 (RPL18). It has been shown to bind to the
CaMV P6 domain (miniTAV) involved in transactivation of
the translation of polycistronic mRNAs. This represents
the first interaction with a host protein to be character-
ized for P6.
Results. CaMV P6 Protein Interacts with Proteins from
a Ribosomal Fraction of A. thaliana. To determine
whether the CaMV P6 protein interacts with cellular
0042-6822/00 $35.00
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2 RAPID COMMUNICATIONproteins from the host plant A. thaliana, far-Western ex-
periments were performed with 32P-labeled P6 as over-
ay. For this purpose, ORF VI was cloned into a modified
ET-3a vector (see Materials and Methods) and ex-
ressed in E. coli in fusion at its N-terminus with a
equence of 10 amino acids containing a phosphoryla-
ion site specifically recognized by bovine protein kinase.
he P6 protein produced in E. coli was recovered in
nclusion bodies. It was submitted to labeling in the
resence of [g-32P]ATP. The specificity of incorporation of
32P into P6 was checked by polyacrylamide gel electro-
horesis under denaturing conditions (SDS–PAGE) fol-
owed by autoradiography of the gel (data not shown).
adiolabeled P6 was used in far-Western experiments
erformed with proteins from subcellular fractions of
ealthy (h) or CaMV-infected (i) leaves of A. thaliana
ecotype Columbia). Proteins of fractions S1, S20, S105, and
ib (see Materials and Methods) were separated by
DS–PAGE (15%) and detected by Coomassie blue stain-
ng (Fig. 1A) or transferred onto a nitrocellulose mem-
rane. The latter was washed several times in an appro-
riate buffer (see Materials and Methods), incubated in
he presence of 32P-labeled P6, and extensively rinsed.
fter autoradiography, several bands corresponding to
olypeptides of 20–48 kDa were observed in the ribo-
ome-enriched fractions (Fig. 1B, lanes Rib, h, and i),
hereas no band was detected in the S105 fraction (Fig.
FIG. 1. Detection of interactions between CaMV P6 and proteins from
ealthy and CaMV-infected leaves of A. thaliana. Proteins (25 mg) of
subcellular fractions S1, S20, S105, and Rib from healthy (h) and CaMV-
infected (i) leaves were separated by SDS–PAGE (15%) and detected by
Coomassie blue staining of the gel (A) or transferred onto a nitrocel-
lulose membrane (B) for far-Western assays. (B) The membrane was
incubated in the presence of 32P-labeled P6 and submitted to autora-
diography. Molecular masses of protein markers are indicated to the
left.1B, lanes S105, h, and i). These results suggest that the
partners of P6 are associated with ribosomes, but the
r
Rpossibility that some of them are present in S105 in
amounts too low to be detected under our experimental
conditions cannot be excluded. Only a few faint bands
were detected in the S1 and S20 subcellular fractions (Fig.
B, lanes S1, S20, h, and i), probably corresponding to the
major bands observed in the ribosome-enriched frac-
tions. On the other hand, no signal was observed when
the proteins transferred onto the membrane were incu-
bated with 32P-labeled proteins of inclusion bodies from
onrecombinant bacteria (data not shown), confirming
he specificity of the interactions between P6 and the
lant proteins. Furthermore, under our experimental con-
itions, no difference exists between patterns obtained
ith proteins from CaMV-infected (Fig. 1B, lanes i) or
ealthy (Fig. 1B, lanes h) leaves, suggesting that the
artners that interact with P6 are not of viral origin and
hat they are constitutively expressed in leaves of A.
haliana. The interaction between P6 and viral coat pro-
ein previously described (7) was not detected, probably
ecause viroplasms that contain most of the viral pro-
eins were eliminated during centrifugation of crude ex-
racts from infected leaves. Similar results were obtained
hen proteins of ribosome-enriched fractions from tur-
ip, another host for CaMV, were tested for their capacity
o bind P6 (data not shown). Taken together, these re-
ults are in favor of specific interactions between P6 and
ibosomal proteins and/or translational factors.
CaMV P6 Interacts with the Ribosomal Protein L18 of
. thaliana. Proteins of the ribosomal fraction of A. thali-
na healthy leaves were fractionated by higher resolutive
DS–PAGE (18% of acrylamide, slabs of 20.0 cm instead
f 13.5 cm in length) to isolate polypeptides that interact
ith P6. Proteins were stained with Coomassie blue (Fig.
A, lane 1) or transferred onto a nitrocellulose mem-
rane. In the latter case, they were then submitted to
ar-Western assay using unlabeled P6 as overlay and
ntibodies raised against P6 to reveal the interactions. At
east 7 polypeptides in the range of 22–33 kDa (Fig. 2A,
ane 2) were able to bind P6. No interaction was detected
hen P6 in the overlay was replaced by proteins from
nclusion bodies of nonrecombinant bacteria (Fig. 2A,
ane 3). To identify one of the partners that interacts with
6, proteins of the ribosome-enriched fraction were elec-
rotransferred onto a ProBlott membrane after SDS–
AGE. A strip containing a well-separated band at the
osition of a polypeptide of 26 kDa was excised from the
embrane and the polypeptide was submitted to micro-
equencing of its N-terminus. A sequence of 19 amino
cids was determined and compared with a nonredun-
ant A. thaliana protein library, using the FASTA search
rogram (8). An identity of 89.4% was revealed between
he sequenced peptide and the N-terminus of the 60S
ibosomal protein L18 (RPL18) of A. thaliana (Fig. 2B).
PL18 is a small basic protein, specific for eukaryotic
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3RAPID COMMUNICATIONand archaebacteria ribosomes and highly conserved
among these organisms (9, 10). Compared to the RPL18
sequence, the sequenced peptide does not contain the
initiation methionine, suggesting that it is removed from
RPL18 after translation, as already described for the
homologous rat protein (11). To confirm the specificity of
interaction between P6 and RPL18, the latter was ex-
pressed in Escherichia coli and used in far-Western as-
says. The sequence coding for RPL18 was amplified from
a cDNA library of A. thaliana and cloned into a modified
recombinant procaryotic expression vector (see Materi-
als and Methods) in fusion at its 59 end with a sequence
coding for a histidine tag and the phosphorylation site
mentioned above. The cloned cDNA of RPL18 was se-
quenced. The only difference in the sequence compared
to the published sequence is at position 176, where a
point mutation modifies the triplet AGA for arginine into
AAA for lysine. This point mutation was already present
in the RPL18 sequence of the cDNA library. After expres-
sion in E. coli, RPL18, which was recovered mainly in
inclusion bodies (Fig. 2C, lane 2), was labeled in vitro
32
FIG. 2. Identification of A. thaliana RPL18. (A) Proteins present in the
(18%) and stained with Coomassie blue (A1) or transferred onto nitr
recombinant bacteria extracts containing (A2) or not containing (A3) P6
secondary antibodies conjugated to alkaline phosphatase diluted and
of protein markers are indicated to the left. Lines and arrowhead indicat
N-terminal sequence was determined, respectively. (B) At the top and in
Below, sequence of the ribosomal protein L18 of A. thaliana. Residues th
from the RPL18 cDNA are indicated by bars. (C) Analysis by SDS–PAGE
in vitro. Proteins from the supernatant (lane 1) and from inclusion bodie
blue. After in vitro phosphorylation and purification on Ni-NTA resin
Coomassie blue staining (lane 3) or by autoradiography (lane 4) of thewith P and submitted to affinity chromatography on a
i-NTA column. The protein was purified to near homo- deneity as evaluated from the SDS–PAGE after Coomas-
ie blue staining (Fig. 2C, lane 3) and after autoradiog-
aphy (Fig. 2C, lane 4). Its apparent molecular mass is 26
Da as estimated after fractionation of the plant ribo-
omal proteins by SDS–PAGE (Fig. 2A, lane 2), but is
arger than deduced from the amino acid sequence of
PL18. The numerous basic residues that represent 29%
f the total amino acids of RPL18 may be at least partly
esponsible for this abnormal migration. 32P-labeled
PL18 was then used as probe in far-Western experi-
ents performed with P6 expressed in E. coli and blotted
nto a membrane. After autoradiography, the pattern
hows a strong band at the position of P6 (Fig. 3B,
ottom, lane P6). Weaker bands are also visible at the
osition of proteins of lower molecular mass. They may
orrespond to interactions of RPL18 with degradation
roducts of P6 and with bacterial proteins since some of
hese bands are also detected with proteins of inclusion
odies from nonrecombinant bacteria (Fig. 3B, bottom,
ane E. coli).
me-enriched fraction of healthy plants were separated by SDS–PAGE
se membranes (A2 and A3). The membranes were incubated with
ctions were detected using anti-P6 antibodies (diluted to 1/10,000) and
cording to the manufacturer’s instructions (Sigma). Molecular masses
sitions of cellular peptides that interact with P6 and the peptide whose
ce type, the N-terminal sequence of the protein that interacts with P6.
dentical between the sequenced peptide and the amino acids deduced
f the RPL18 protein produced and purified from E. coli and radiolabeled
2) of recombinant bacteria producing RPL18, stained with Coomassie
luted proteins were separated by electrophoresis and detected by
olecular masses of protein markers are indicated to the left.riboso
ocellulo
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efine the region of CaMV P6 responsible for binding to
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4 RAPID COMMUNICATIONRPL18, deleted versions of ORF VI were constructed (Fig.
3A) and expressed in E. coli. Their products were tested
or their capacity to bind in vitro the ribosomal protein
Fig. 3B, bottom). Only N- or C-terminal truncated ver-
ions of P6, containing the region between amino acids
10 and 241 (P61–241, P61–305, P61–381, and P6110–381) were
able to bind the ribosomal protein, whereas mutants
deleted of this internal sequence (P61–113 and P6243–520)
were not. This region was identified as the minimal
domain of P6 (miniTAV) sufficient for the translational
transactivation (12). The specificity of the interaction be-
tween RPL18 and miniTAV was confirmed by the lack of
FIG. 3. Mapping of the domain on P6 that interacts with RPL18.
Interaction assays were performed with full-length P6 (520 amino
acids) and P6 protein deleted mutants shown in A. Empty boxes and
thin broken lines correspond to the P6 sequence and to in-frame
deletions in ORF VI, respectively. The two numbers in mutant names
refer to the first and the last amino acids of the protein, respectively.
The hatched box represents the miniTAV domain of P6 that was
previously described (8). (B) Inclusion bodies containing P6 or
truncated version (lanes P6 to P6-DTAV) or not containing P6 (lane E.
coli) were separated by SDS–PAGE (15%) and transferred onto a
nitrocellulose membrane and detected with antibodies raised
against P6 (top) or submitted to a far-Western assay using radiola-
beled RPL18 as overlay (bottom). Interactions were deduced from
the pattern of the autoradiogram. Molecular masses of protein
markers are indicated to the left.signal when P6 deleted of this sequence (P6-DTAV) was
probed.
p
sDiscussion. By far-Western experiments we have dem-
onstrated that the CaMV P6 protein interacts specifically
with several proteins present in ribosome-enriched frac-
tions of healthy and CaMV-infected leaves of A. thaliana.
Several hypotheses have been proposed to explain the
reinitiation mechanism in the 35S RNA translation, i.e.,
the recruitment of initiation factors before the ribosomes
dissociate at the end of ORFs allowing them to restart
translation and/or interactions with ribosomal proteins in
order to keep the ribosome on the messenger RNA (4).
Thus, the capacity of P6 to interfere with the cellular
translational machinery may involve specific interactions
with functional sites of the ribosomes and/or of the
translation factors, which are large complexes compris-
ing different polypeptides. This could explain the rela-
tively large number of proteins able to bind to P6. One
partner of P6 has been identified as the 60S ribosomal
subunit protein L18 of A. thaliana. The P6 domain in-
volved in this interaction has been mapped in the mini-
mal region required for the transactivation (12), suggest-
ing that the P6–RPL18 interaction takes place during
synthesis of CaMV proteins. The localization of RPL18 in
the large 60S subunit and its function in the translation
process are still unknown, making it difficult to attribute
a role to the P6–RPL18 interaction in the translation of
the CaMV 35S RNA. Nevertheless, it has been recently
reported that in mammalian cells, RPL18 can inhibit the
double-stranded RNA-activated protein kinase (mPKR)
(13), which is a member of the eIF-2a-specific protein
inase subfamily, as are the yeast GCN2 factor, the plant
ouble-stranded RNA-activated protein kinase (pPKR),
nd the heme-regulated translation inhibitor (HRI) (14,
5). The activity of these protein kinases is induced by
arious stress conditions including amino acid starvation
nd virus infection, which produces viral double-
tranded RNA structures (15–17). Once activated, they
ownregulate translation by phosphorylating the initia-
ion factor eIF-2a, thus preventing formation of the ter-
nary complex eIF-2/GTP/Met-tRNAMet required for the
constitution of the 43S preinitiation complex. In Saccha-
romyces cerevisiae, under amino acid starvation, the
decreased level of eIF-2a induced by GCN2 forces the
ribosomes that have translated the first of the four small
ORFs present upstream of the GCN4 ORF to bypass the
others and reinitiate translation at the GCN4 ORF (15).
ecause of its capacity to interact with RPL18, a potential
nhibitor of pPKR, P6 could be involved in the regulation
f PKR-mediated translation. Activation of pPKR and sub-
equent reduced availability of eIF-2a would permit
ranslation of downstream ORFs located on the CaMV
5S RNA and its spliced versions, as in the regulation of
ynthesis of the yeast GCN4 transcription factor. Never-
heless, P6 could also contribute to the inhibition of
PKR, thus preventing the activation of a cellular defense
ystem induced by viral infection and mediated by PKR,
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5RAPID COMMUNICATIONas already described for animal systems (17). Indeed, in
plant protoplasts where P6 is not coexpressed, the ab-
sence of translation of dicistronic mRNAs might be ex-
plained not only as an incapacity of the translation ma-
chinery to overcome the inhibitory structures of the viral
RNA, but also as an activation of PKR by the multiple
stem–loop structures of the 35S RNA leader sequence.
Several animal viruses have developed strategies to
prevent PKR activation, such as the human immunodefi-
ciency virus TAR RNA binding protein, which can bind
double-stranded RNA as well as PKR to form inactive
heterodimers (17). Strikingly, a double-stranded RNA
binding domain has recently been localized in the N-
terminal part of the miniTAV domain of P6, between
amino acid residues 134 and 183 (18).
Materials and Methods. Cloning of ORF VI and Its
Derivatives in a Modified pET-3a Vector. A modified
pET-3a expression vector (Novagen) was constructed by
T
Oligonucleotides Used as Primers to Gene
Namea Sequenc
Cloning o
fpKH cgagcatatgCATCACCATCACCAT
rpKH cgctggatccAACAGATGCACGACG
Cloning
fpKa cgagcatatgCGTCGTGCATCTGTT
fpKS gttggatccggtaccactgagctcgg
rpKa cgctggatccAACAGATGCACGACC
rpKS cggggatccgagctcagtggtacc
Cloning of the sequences corresponding
fpVI gcaggtaccATGGAGAACATAGAA
fp110 gcagagtctCAGGGAATTCCAATC
fp243 ctcggatccTTTGCCCCGGAGATT
fpTAV ccagagctcGAATTCCCCTGATGA
rpVI gcagagctcTCAATCCACTTGCTT
rp113 gcgcgagctcATTGGAATTCCCTG
rp241 gcgcgagctcAGATCTCTTTTGGG
rp305 gacgagctcGTAGATCGTCTTGAT
rp381 gcgcgagctcACTCCATGGCCTTA
rpTAV aggGAATTCCGGAGATTACAAT
Cloning of the sequence corres
fpL18 gaccatggatccATGGGTATTGATC
rpL18 gaccatgctgagcCTATTAAAACCT
a Forward primer (fp) and reverse primer (rp). Number in the fp or rp
ast residue of the corresponding protein, respectively.
b The nucleotide sequences corresponding to P6 and RPL18 are in b
italic underlined nucleotides correspond to the phosphorylation site an
c Restriction sites in the primer sequences.inserting between the NdeI and BamHI restriction sites a
equence that codes for the peptide Arg-Arg-Ala-Ser-Valecognized by the heart muscle bovine protein kinase
HMK, Sigma). This fragment was obtained by PCR am-
lification of the complementary oligonucleotides fpKa
nd rpKa (“fp” and “rp” refer to forward and reverse
rimers, respectively) described in Table 1 and was in-
erted in-frame with the initiation codon ATG present in
he NdeI restriction site. In addition, two unique restric-
ion sites, KpnI and SacI, separated by 3 bp were in-
serted into the BamHI site, allowing directed cloning of
foreign sequences. This sequence was obtained by PCR
amplification of the complementary oligonucleotides
fpKS and rpKS (Table 1). The new engineered pET-3a
expression vector designed pETK was used to clone
ORF VI and its derivatives either in the KpnI/SacI or in the
SacI sites. Viral DNA sequences to be cloned were
obtained by PCR amplification using as template the
CaMV genome from the Cabb-JI isolate. The full-length
ORF VI was obtained using primers fpVI and rpVI. ORFs
e PCR Products Cloned in pET-3a Vectors
Restriction site(s)c
H vector
TCGTGCATCTGTT NdeI
TGGTGATGGTG BamHI
vector
NdeI
BamHI/KpnI/SacI
BamHI
BamHI/SacI/KpnI
V P6 protein and its truncated versions
TC KpnI
SacI
KpnI
EcoRI
SacI
SacI
SacI
SacI
SacI
EcoRI
g to A. thaliana RPL18 protein
GCC BamHI
CCACGACTCTTCCT CelII
used for cloning of ORFVI and its derivatives refers to the first or the
e and in boldface underlined uppercase, respectively. Underlined and
e 6-histidine tag, respectively. Restriction sites are indicated in italics.ABLE 1
rate th
eb
f pETK
CACCG
GTGA
of pETK
to CaM
AAAC
CCAC
AC
GG
TGAAG
ATGAG
GC
GAG
GATTC
GG
pondin
TGATC
TGAAT
names
oldfacVI deleted at the 59 or 39 end were constructed using
oligonucleotides fp243 and rpVI or using fpVI and one of
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The sequence coding for P6110–381 was obtained using
fp110 and rp381, as primers for the PCR. P6-DTAV was
obtained by PCR amplification of the 59 and 39 ends of
ORFVI using fpVI and rpTAV, and fpTAV and rpVI, respec-
tively. The PCR products were ligated in the unique EcoRI
site and cloned in the KpnI/SacI sites of pETK. All con-
structs were confirmed as being error-free by sequenc-
ing. Expression in E. coli generates fusion proteins
containing at their N-terminus the decapeptide Met-
Arg-Arg-Ala-Ser-Val-Gly-Ser-Gly-Thr (the phosphoryla-
tion recognition sequence is indicated in boldface let-
ters).
Cloning of the A. thaliana RPL18 Sequence in the
pETKH Expression Vector. Plasmid pETKH was obtained
by introducing into the NdeI and BamHI sites of the
pET-3a vector the sequence 59 CATCACCATCACCAT-
ACCGTCGTGCATCTGTT 39, which codes for a 6-histi-
ine residue tag (nucleotides in boldface type) and the
bove-described phosphorylation sequence (nucleo-
ides in italics). Primers fpKH and rpKH were used for the
CR (Table 1). The RLP18 coding sequence was ampli-
ied from a cDNA library of A. thaliana (ecotype Colum-
ia) cloned into the HybridZAP vector, using oligonucle-
tides fpL18 and rpL18 (Table 1). Expression in E. coli of
he recombinant cDNA cloned in the BamHI/CelII sites
enerates a fusion protein containing at its N-terminus
he peptide Met-(6xHis)-Arg-Arg-Ala-Ser-Val-, which per-
its 32P labeling of the fusion protein and its purification
sing Ni-NTA resin (Qiagen).
Production of Proteins in E. coli and Phosphorylation
ith 32P. Purification of RPL18. The production of proteins
n E. coli BL21/DE3(pLysS) recombinants was induced
ith 1 mM isopropyl b-D-thiogalactopyranoside for 2 h
once the exponential phase was reached. The bacteria
were collected by centrifugation, resuspended in HMK
buffer (20 mM Tris–HCl, pH 7.5, 100 mM NaCl, and 12 mM
MgCl2), and lysed using a French press. After centrifu-
ation of the lysate at 12,000 g for 5 min, the inclusion
odies were resuspended in 0.5 ml of HMK buffer. CaMV
6 and A. thaliana RPL18 fusion proteins from inclusion
ody suspensions were phosphorylated in the presence
f [g-32P]ATP and heart muscle bovine protein kinase (10
), in accordance with the instructions of the manufac-
urer (Sigma). Excess ATP was eliminated by filtration
hrough Sephadex G50 (Amersham Pharmacia Biotech)
or P6 or during affinity chromatography on Ni-NTA resin
Qiagen) for RPL18. In the latter case, the phosphoryla-
ion mixture was diluted by the addition of 1 vol of water,
nd the 32P-labeled RPL18 was purified using a batch
technique according to the manufacturer’s instructions
(Qiagen). RPL18 was eluted by increasing the imidazol
concentration to 100 mM.Subcellular Fractionation of Healthy and CaMV-In-
fected Leaves of A. thaliana. Healthy or CaMV-infected
leaves (19) were crushed in 25 mM Tris–HCl, pH 7.4, 0.5
mM EDTA, and 0.33 M sorbitol. Extracts were filtered
through four layers of gauze and centrifuged at 1000g for
min to pellet cellular debris. The resulting S1 superna-
tant was centrifuged at 20,000 g for 5 min to yield the S20
supernatant. Soluble proteins (S105) and a ribosome-en-
iched pellet (Rib) were obtained by centrifugation of S20
at 105,000 g for 2 h (20).
Far-Western Assays. Membranes used in protein-blot-
ting protein-overlay experiments were incubated and
washed in 10 mM Tris–HCl, pH 7.5, 2.5 mM MgCl2, 75
mM NaCl, and 5% milk.
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